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Hydrogen Production by Aqueous-Phase Reforming of Biomass over
Supported Pt Catalysts
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Abstract: Pt catalysts supported on Al,Os, activated carbon (AC), HUSY, and SiO, were prepared and characterized by N, physisorption,
inductively coupled plasma atomic emission spectrometry, and H, chemisorption. The catalytic performance of these catalysts for H, pro-
duction by aqueous-phase reforming (APR) of glycerol was studied. In addition, the reforming of different reactants such as polyols, glucose,
and other soluble saccharides was also investigated. It was found that the activity of the supported Pt catalysts for the reforming of glycerol
increased in the order Pt/AC < Pt/HUSY < Pt/SiO, < Pt/Al,0; at 503 K; however, the activity increased in another order Pt/SiO, < Pt/HUSY
< Pt/AC < Pt/AL,O5 at higher temperature (538 K). Pt catalysts supported on acidic supports such as Al,O; and HUSY tended to increase
hydrocarbon formation. The H, selectivity and production rate for the reforming of polyols decreased with increasing carbon number. The H,
selectivity and yield for the reforming of glucose decreased when the glucose concentration increased, while selectivity for hydrocarbon
showed a maximum at glucose concentration of 4.6%, which was ascribed to the condensation and degradation reactions. Fructose is less
readily reformed to H, than glucose. Higher H, selectivity and yield were obtained by reforming of polysaccharide starch compared with
those obtained by reforming of disaccharide maltose and monosaccharide glucose.

Key words: platinum; activated carbon; glycerol; glucose; biomass; hydrogen production; aqueous-phase reforming

LS A ERRERE, BECHEN A AR R T TN IR BE I AT,

Weks B EA: 2009-04-23.
BERA: WA, Tel/Fax: (0411)84379151; E-mail: tianz@dicp.ac.cn
&SRR K E m AT IR TR (973 11K, 2005CB221404).



58 1

R S5 70 P AL B AR UK A 2 831

RN 2 6 AR 4 I R A B 3%~4% !,
A —Fhn] B A BRI AAA, AW I T R AR AN
] SEHL CO, A, JCHARA A BE R H a6 Al v
14 R B AT W HE T 2L 7 3L

SUPVBE L EOR H T AT R A RE A AOR
i AU T A R Dk oA ke g B AR TR RE R AL BR 2
230 TR e A 5 RS 4 AT I A
FUURAL. B AT ST AR ) i A BT VR IR
ANENIE ¥ A\ o8 A e < SN & 5]
7 7 S A 08 4% ) BT 2002 4, Cortright 28147
T 7KORH R A O, ABATTAE 500 K Ae AT K
O SRR AT AR 1) 22 TG I v RO e A R H,
R CO,. A AL, %3 nT DAAR K H B A B
AN Tz FEAE 500 K 25 A7 AR N BE4T, 78 #
1% bR AT R T K AR e SO, DR I AT A 3R AIC )
CO WP,

JKAH B ) R S B 5 R AU - C,H,0, + (26 —
YH,0 — nCO, + (2n — y + x/2)H,. 138 [ 3 A,
& C,H,0, + (n — y)H,0 — nCO + (n —y + x/2)H, (C-
C #3f#E) 1 CO + H,0 — CO, + Hy KA H)
AR,

HAIE 2 7K AH R 3 o) 2 S Y ) DRt = 2 AR )
ST AR 22 T, U B ) 1K) £ T, i H
L AL I A0 R I 1A R R D P I AR R
AR R, T H I R AR SR T OAAT
J Iz IR 2 UL TR g il R A 1 R N A L
BEAb, A A A2 5 ) B, BT OB S B b
HASEbrE X H ik T8 28 8 s N 1 i T A 9k
Wb, EEAR T ARV IR OB A A AT A, A
AR/ 0 56 1 BRI R A I AE W R 1 R 1200
DRI, AN SCVE 40 25 68 1 AN R 800R 57 230 Pt i 4k A
H v R s N R AR R, HE— 20 DL PYAC A i
T, RGE7% 52 T AR 22 70 BE 6] %6 B 1) 3 4 I Y,
T I I JEORE A 58 1) 4 265 W 1) — SRBH 22 2B RN 22 5K
Bl e b A5 LRl SR

1.1 EEFEEE

F T 1 5 AR s I8 F4) Sk P i Ak 771 SR WD 5
GO BARIEI ALOS /N ER (20~40 H). WG PRI
(AC) Fiiki (20~40 H, b 56 fhBHE Mk A R A

Hl). SiO, Pk (20~40 H) A IR Y 2 T 0
(HUSY) ki (20~40 H, SiOo/ALO; FE/R EL Ny 4.8,
hE AL E Lt T AW, MR ET
HoPtCls 7K %59 24 h Jio, fEHEM T T 383 K T it
B, BT TP T 753 K K558 3 h (i PYAC 2
16 N RN REBE ).

FH T Ta) 8 B B 58 1 PH/AC Hy A A Ak 571 K
W3 D 2 o %, BUAE S HE T 1) AC R AR Om A
H,PtCls /K ¥~ NaOH /K ¥ F1 HCHO 7K, #2
KB INAGE 3 1h, S e ok g L ok s
I ClI Ay ik
1.2 EUFIMRE

Ak 1 Pt £ o SR YIRS R A 45 28 1A R
TR G (ICP-AES) 2. i 4k 77 ) EE R T AR
FLGE R RN FLAEAE NOVA-4000 74 P I BFFAS b 52 .
FREL— & B IFE b, 7E 553 K BB/ 2 h A 35,
TE G PN HEAT N W B - 0 Bl . I v L 2 i
BUET Ny W B 2535 26 45 & BET J7 FE k73, LA i)
I 5E SR BIH J7 1% A B0 25 35 26 B B 2 S 10 30305 I
HAT V5.

Hy 022 W B AE 1 750 6 A0 2 W B4 1 1004, DA
SE AR Y T 4 S 1) o BORE, R AUOR A TCD Rl 24
. FRECZ) 100 mg £ 5, 7F 723 KRR 2 h, #55
FEZIRE T Ar WA 2 h, TR ETE = AT
S AEVE L S B R B R S M 4 R R AU, SR
BRIEAEAY I HAR % H:Pt BER LR 1:1.

1.3 LT R TE MR

7 [ 52 R S N 2% (K 58 em, 942 3 em) kAT
i VR AT, AL R AR RN T 723 K A H, (100
cm’/min) JEA7IE R 2 h.

I 11 TR S0 R T i e e N 2 B R N AE
FREL I 1 B P T AT, IV FE N 533 K, IR 1A
RRAAEET.

N SAH 2 B R H TR 2 £ 45 TCD Fl FID A
T E I Varian CP 3800 B4 (43 A O SR <A
03 - % 56 X (GC6890-MS5973N, Agilent) 5E 1
3 BT Vo B N A . B A R R A
FIRE 2 & A2 7 1) 0 1% 4 . Sugar SC-1011 4%
(Shodex) FIHT Hit A I 2 I . A0 PR LA 2R
S B O St ey AR RS U £ B 4 ER AR AT, R N
T o 58 4 A S 1 A ek B, R i B



832

it

o
&4

{1 %30 &

P PR T 5 B D R JK A R R D R B R 1 1
kR ARl AR AR SRR e e E
BT AT Bk S R R A
i s N DR e B ) T 2 LB

2 #R51he
201 RE PRAFELNEREELNS

R 14T & PR S5 4 1E RN 42 R o
BB, nT LA, BORLAE 4657 (1 b R TR LA PUAC,
Pt/HUSY, Pt/Al,O5 H1 Pt/SiO, (1 I 7 i ek . JL
Pt/AC LR BN, AF] 0.1 em?, T Pt/ALO; FLAEFH
B oKL A 4 o BB K /N Dl PY/SiO, <
Pt/HUSY < Pt/AC < Pt/AL,O;, H ' Pt/ALO; ¥ 4 X
JERERE T 100%, 3R] fig A2 i T A A 627,

8 Pt AR A H ek KO 3 s Y & R 3R 2
FroR, oAb p= SR 4 h (P, el I, 503
KIS A 71 7= S0 P KNI R PYAC < PYHUSY
< Pt/Si0, < P/ALO;. Hf — 0 Jhilh & 538 K i 14 71
PR R B N, AR CO R IE B BE 2 T, T LR
AR 11 7 S T A O U A T A, R PY/SIO,

< Pt/HUSY < Pt/AC < Pt/AL,0;. JL & gl A A T /K
B S N 1R AT P8 BRI T K A AR e
I CO WL . il B 25 A AR P 716 4 5
o4 @ 4y WO — 30 AR B0k B 5 P TR S oK T 4
J& 3 B RE Y, T HAS[R] 2 Pt i 4k 7 AE 52 35 B 5 i
T SEAN[], DRI 5 SO R 36 P L K 2R A8 k. AR 1
AT F A T PYAC A PY/SIO, AL 7, FRE 2 14
1) PY/ALOy 1 PYHUSY bRk B m, iX
AT RESE T e AT R T M K s N T AR e HT SR A
e S B0 A P SR E AT BRI T ) HUSY
R Pt AR AE i R Bk R 21 HE PEY/ALO;
G, 3% AT RE A2 BT 25 0 45 M £E m T K 4 1F R
T AT AE 538 KON HE A i e Ak A 3k
AT TREPESRE: (L 1), 85 BRI, DUF 4128 Pt {8
TEFILE SN 4 h Py 4k P B 210 b s A e, 1X 5 AT
75 503 K R R v Al
2.2 PHUAC ELFMEMNZ TEAMEEENER
AKICLARIORL PYAC kA FITE ] 5 IR 3 25 o
g TN Ll T R R 2 B ) 7K
AR SO, g sk 3 Fros. faRmT W, Gk

F1 PHELATEHERMEELSBUE
Table 1 Textural properties and metal dispersion of the Pt catalysts
Catalyst Pt loading (%) Aggr/(m*/g) V,/cm’ Dy/nm Pt dispersion (%)
Pt/ALO5* 4.38 229.0 0.663 9.6 131.5
Pt/SiO;,* 4.34 105.2 0.400 6.6 52.2
Pt/AC? 4.23 721.3 0.098 3.8 97.0
Pt/HUSY* 5.10 436.8 0.133 3.8 73.3
Pt/AC® 4.10 873.4 0.095 2.2 96.0

V;: Pore volume calculated from the desorption branch of N, physisorption isotherm; D,: BJH desorption average pore diameter.

*Granule catalyst; *Powder catalyst.

F2 BPUELATMNEHMKEEERNER
Table 2 Experimental data for aqueous-phase reforming (APR) of glycerol over supported Pt catalysts

Gas product distribution (%) Selectivity (%) H, production rate *
Catalyst m(cat)/g T/K p/MPa X% .
H, CO, CO HC H, HC (umol/(min-g))
Pt/ALO; 1.7 503 32 18.9 69.8 245 0.05 5.8 96.0 214 572.2
538 6.2 43.8 64.5 29.9 0.10 5.7 73.7 20.1 1011.0
Pt/AC 2.9 503 32 17.2 69.6 27.1 0.08 3.1 97.3 11.2 307.7
538 6.2 36.9 68.4 27.8 0.23 35 91.5 12.4 619.8
Pt/HUSY 32 503 32 22.0 71.8 21.4 0.07 6.8 91.9 26.4 337.0
538 6.2 52.0 62.1 325 0.12 53 67.3 17.5 582.7
Pt/SiO, 25 503 32 10.8 71.8 25.8 0.06 23 108.3 8.8 369.4
538 6.2 36.0 60.8 35.2 0.14 3.9 65.3 11.3 500.9

Reaction conditions: glycerol content 10%, LHSV = 8.4 h™', volume of catalyst loaded = 5 ml.

*Defined as moles of H, produced per minute over 1 g catalyst from 40 to 240 min.

X: conversion of C to gas; HC: Hydrocarbons.
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Fig. 1. Hydrogen production rates over supported Pt catalysts with
time on stream. (1) Pt/SiO,; (2) Pt/HUSY; (3) P/AC; (4) P/ALOs.
Reaction conditions: 538 K, p = 6.2 MPa, LHSV = 8.4 .
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Fig. 2. Hydrogen production rates with time on stream for APR of
different reactants over Pt/AC. (1) Methanol; (2) Ethylene glycol; (3)
Glycerol; (4) Mannitol; (5) Glucose. The reaction conditions are the
same as in Table 3.
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Table 3 Experimental results for APR of polyols and glucose over Pt/AC catalyst

Conversion of

Gas product distribution (%)

Selectivity (%) H, production rate *

Reactant

C to gas (%) H, CO, CcO Hydrocarbons H, Hydrocarbons (umol/(min-g))
Methanol 25.1 77.0 22.1 0.3 0.6 111.4 2.7 611.5
Ethylene glycol 26.0 69.8 28.6 0.2 1.4 90.5 6.5 443.3
Glycerol 33.7 50.3 46.2 0.2 34 423 9.2 253.1
Mannitol 53.1 19.9 74.2 0.1 5.7 11.2 9.4 99.3
Glucose 60.9 5.5 88.9 0.4 52 2.9 7.0 27.3

Reaction conditions: reactant content 10%, 533 K, p = 5.1 MPa, LHSV = 8.4 h™', Pt/AC catalyst 3.0 g.
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Fig. 3. APR reaction results with different concentrations of glucose.
(1) CO; concentration; (2) Hydrocarbon selectivity; (3) H, concentra-
tion; (4) H, selectivity; (5) H, yield. Reaction conditions: 533 K, auto-
genous pressure, Pt/AC powder catalyst 1.0 g, 4 h.
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Table 4 Experimental data for APR of different saccharides

Concentration Conversion of

Gas product distribution (%)

Selectivity (%)

Reactant H, yield (%)
(%) C to gas (%) H, CO, CcO Hydrocarbons H, Hydrocarbons

Glucose 2.4 64.7 29.0 52.6 0.02 18.4 13.9 49.8 9.0

Fructose 2.4 36.4 11.0 68.6 0.01 20.3 4.5 43.8 1.6

Sucrose 2.3 63.2 27.2 53.1 0.02 19.7 12.7 50.4 8.0

Maltose 2.3 65.4 33.6 50.6 0.03 15.8 17.8 46.3 11.6

Starch 22 60.1 37.8 48.9 0.03 13.3 22.4 41.9 13.5

The reaction conditions are the same as in Fig. 3.
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